Introduction Most studies on quality of life of breast cancer survivors have not had adequate representation of ethnic minorities. The purpose of this study was to determine whether racial/ethnic differences in quality of life exist between white, African American, and Latina women in the early stages of survivorship. Methods 2268 women were identified by two Surveillance, Epidemiology and End Results (SEER) registries (6/05-2/07) and asked to complete a survey (mean 9 months postdiagnosis, 72.1% response rate). Latina and African American women were over-sampled. Regression models compared quality of life across race/ethnicity (white, African American, Latina [low vs. high acculturation]), sequentially controlling for sociodemographics, clinical, and treatment factors. Results There were significant racial/ethnic differences in quality of life controlling for sociodemographics, clinical factors and treatment factors. Lower acculturated Latinas compared to whites had significantly lower functional wellbeing, emotional well-being, and breast cancer concerns (p values <0.05). African Americans had significantly higher emotional well-being than whites. Age, co-morbidities, cancer stage, and chemotherapy also influenced quality of life. A significant interaction was found between race/ethnicity and age for physical well-being (p=0.041) and for emotional well-being (p=0.042). Specifically, racial/ethnic differences were only observed among older women (≥50 years), with less acculturated Latinas reporting the lowest quality of life. Conclusions Racial/ethnic differences in quality of life exist during the cancer survivorship period. Latinas with low acculturation are a particularly vulnerable subgroup. Implications Greater attention should be devoted to identifying women disproportionately affected by breast cancer and developing interventions targeting their unique survivorship concerns.
Introduction
Improving the quality of life (QOL) of cancer survivors is a priority of the Institute of Medicine and was emphasized by cancer patients themselves at the 2004 President's Cancer Panel [1, 2] . A recent Institute of Medicine report also highlighted the need to evaluate QOL during the key period following the end of initial diagnosis and treatment [3] . While a number of studies have focused on the QOL of breast cancer survivors [4] [5] [6] [7] [8] [9] [10] [11] [12] , the extent to which racial/ ethnic disparities in QOL exist in the survivorship period is not well known. The proportion of breast cancer survivors who are racial/ethnic minorities is increasing, and this group may be especially vulnerable to poor QOL outcomes relative to white women [13] [14] [15] [16] . Few studies, however, have had sufficient minority patients to effectively address this issue [11, [17] [18] [19] .
Published findings regarding racial/ethnic differences in QOL have been somewhat mixed in studies on cancer survivors. Two recent studies that included white, African American and Latina women found lowest overall QOL among Latina breast cancer survivors [20, 21] . Results from a number of qualitative studies have suggested that Latina women may face some unique challenges during the survivorship period [13, 18] . Results from studies that focused on differences between African American and white women [15, 18, [21] [22] [23] [24] have suggested that African American women report better emotional well-being and mental health but lower levels of physical functioning [21, 24, 25] .
Whether racial/ethnic differences in QOL vary by levels of sociodemographic or clinical/treatment factors has not been well explored. While some studies have shown that QOL is associated with age at diagnosis [4, 5, 7, 10, 20, [26] [27] [28] [29] [30] , education [5, 27] , the presence of other comorbidities at the time of the cancer diagnosis [20, 31] , cancer stage [32] , and the receipt of chemotherapy [5, 8, 30, 33] , they have not evaluated the association between these factors, race/ethnicity, and QOL.
The association between race/ethnicity and QOL needs to be evaluated in population-based studies with sufficient numbers of racial/ethnic minority breast cancer survivors. In particular, studies are needed that have sufficient numbers of Latinas to examine differences depending on level of acculturation. Lower acculturated Latinas may be at particular risk for poor QOL due to limited access to culturally and linguistically appropriate services and cancer care support [10, 18, 34, 35] .
To address these gaps in the literature we conducted a study to address the following questions:
1. Are there racial/ethnic differences in QOL as women with breast cancer transition into survivorship? 2. Do these racial/ethnic differences persist after adjustment for other sociodemographic characteristics, clinical factors, and treatment factors? 3. Do racial/ethnic differences in QOL vary by levels of sociodemographic characteristics, clinical factors, or treatment factors?
Methods

Study population
Between 
Population sampling and data collection
Female breast cancer cases meeting the selection criteria were accrued via rapid case ascertainment as they were reported to the LA Cancer Surveillance Program (LACSP) and the Metropolitan Detroit Cancer Surveillance System (MDCSS) -the Surveillance, Epidemiology and End Results (SEER) program registries for the metropolitan areas of LA, California and Detroit, Michigan. All African American women were selected based on demographic information from the treating hospitals. Because Latina status may not be accurately collected by hospitals, the following sampling strategy was used to increase representation of Latina women in Los Angeles. All women who were designated as Hispanic by the hospital were selected, as well as all women whose surname indicated a high probability of being Latina, based on a list generated from the 1980 US Census. A random sample of the remaining white (non-Spanish surnamed) patients in LA and Detroit were selected to reach the targeted accrual number. Asian women in LA were excluded because these women were enrolled in studies being conducted by other investigators. Physicians were notified of our intent to contact their selected patients, and if no objection was received, the patients were mailed an introductory letter, survey materials and a $10 cash gift. The survey instrument was translated into Spanish using a standard approach [36] . Los Angeles women likely to be Latina were sent both English and Spanish study materials. The Spanish version of the survey was not sent to Detroit participants because there are very few monolingual Spanish speaking women in metropolitan Detroit. The Dillman survey method was employed to encourage survey response [37] . Information from the survey was merged to SEER data for all patients in the final sample. The study protocol was approved by the Institutional Review Boards of the University of Michigan, University of Southern California, and Wayne State University.
Measures
Sociodemographic characteristics A variable was created combining survey information on race, ethnicity, and language. Women were asked to indicate their race (White, Black/African American, American Indian or Alaska Native, Asian or Pacific Islander, or some other race) and if they were Hispanic/Latina (yes/no). The Short Acculturation Scale for Hispanics (SASH) was used to determine language preference for Latina women. This measure has been shown to be an efficient, reliable, and valid measure to identify Latinas with low or higher acculturation [22] . The four items in SASH indicate the preference for English or Spanish in different contexts (usually read/speak, think, use at home, use with friends) on a 5-point scale (from "English only" to "Spanish only"). We aggregated across the four items to calculate a mean language preference score. Fiftyfive percent of the Latina patients scored ≥ 4 on the 5-point scale (strongly preferring Spanish across contexts). Race/ ethnicity was thus divided into four categories (White, African American, Latinas-high acculturation [Latinas-high], and Latinas-low acculturation [Latinas-low]). Compared to Latinas-high, Latinas with less acculturation were much more likely to be foreign born (99.4% vs. 35.2%).
Additional sociodemographic variables obtained from the survey were age at the time of diagnosis (<50, 50-70, >70), level of education (< high school [H.S.], H.S. diploma, > H.S. diploma), employment status at diagnosis (yes/no), and marital status (currently married/partner, divorced/widowed/separated, never married).
Clinical factors Clinical factors included in the survey were family history of breast cancer (first degree, second degree, no history) and number of comorbidities (0, 1, 2, or more). Information on breast cancer stage was obtained via SEER data using criteria set forth by the American Joint Committee on Cancer (0, I, II, III) [32] .
Treatment factors Treatment factors were obtained from the patient survey and included surgical procedure for breast cancer (lumpectomy or mastectomy), radiation therapy (yes/no), and chemotherapy (yes/no).
Quality of Life Quality of life was measured by the Functional Assessment of Cancer Therapy-Breast (FACT-B)
questionnaire, a 44-item self-report instrument designed to measure multi-dimensional QOL in breast cancer. The FACT-B consists of the FACT-General (FACT-G) [38] and includes four subscales: Physical Well-Being (7 items), Emotional Well-Being (7 items), Functional Well-Being (6 items), and Social/Family Well-Being (7 items). There is also a Breast Concerns Subscale (breast-specific concerns) with 9 items [39] . Possible responses ranged from 0 (not at all) to 4 (very much). We aggregated across all items to create a dimension score that ranged from 0-28 for physical, functional, and social well-being, 0-24 for emotional well-being, and 0-36 for breast concerns subscale. Higher scores indicate better QOL. The reliability and validity of the FACT-B is well established [39] and we found comparable reliability (Cronbach's alphas ranged from 0.73-0.89).
Analysis plan
Of the 2268 available for analysis, we omitted 23 women with stage IV disease and an additional 753 women who had not finished their primary treatment course at the time of the survey (surgical procedure, followed by radiation therapy, and/or chemotherapy if needed). Thus the final analytic sample included 1492 women. All analyses were performed using SAS V9 programming language. Sample weights were applied in analyses, to adjust for design effects resulting from differential selection by race/ethnicity and non-response. SAS is designed for the inclusion of sample weights in all statistical procedures. Descriptive statistics were used to characterize the distribution of study covariates overall and by race/ethnicity. Bivariate associations were investigated between QOL measures and each of the sociodemographic, clinical, and treatment factors, and between race/ethnicity and all study measures. Multivariable linear regression models investigated associations between QOL and race/ethnicity before and after adjustment for sociodemographic, clinical, and treatment factors using a series of sequential models. We estimated the adjusted mean difference in QOL between Latinas (low and high acculturated) and whites and between African Americans and whites adjusting for age (Model 1). We then added other sociodemographic (Model 2), clinical (Model 3), and treatment variables (Model 4). In the final model (Model 4) we tested all two-way interactions between race/ethnicity and the other sociodemographic, clinical, and treatment factors. Two-way interactions were retained in final models if p<0.05. Table 1 displays the sample characteristics overall and by race/ethnicity. The mean age of the sample was 57.5 (SD= 11.3) years and had the following racial/ethnic distribution: white (49.9%), African American (26.5%), high acculturated Latinas (Latinas-high, 11.0%), and low accultured Latinas (Latinas-low, 12.6%). There were significant differences by race/ethnicity across all demographic characteristics, family history, and number of comorbidities (all p values <0.05), but not for treatment factors (all p values >0.08). African American and Latina women were more likely than white women to be <50 years at diagnosis. Latinas-low were far more likely to have less than a high school education than whites, and African American women were less likely than white women to be married. Figure 1 shows the unadjusted mean FACT-B scores by race/ethnicity. All racial/ethnic minority groups reported lower physical well-being relative to white women. African American women reported significantly lower functional well-being but higher emotional well-being than whites. Latinas-high also reported more breast concerns than whites. Latinas-low had significantly (p<0.001) worse scores than white women for physical well-being, functional well-being, emotional well-being, social well-being and breast concerns. Table 2 presents findings for models on racial/ethnic differences in QOL that control for age, other sociodemographics, clinical factors, and, finally, treatment factors in a sequential pattern. When age is controlled for (Model 1) all unadjusted race/ethnicity findings remain significant except Latinas-high no longer have greater breast concerns compared to white women. When other sociodemographics are added to the model (Model 2) no significant racial/ ethnic differences in social well-being remain, Latinas-high are no longer significantly different than white women on physical well-being and African Americans are no longer significantly different from white women on functional well-being. When clinical factors are added (Model 3), African Americans no longer report significantly lower physical well-being than white women. In the final model (Model 4) that includes treatment factors as well as sociodemographics and clinical factors, Latinas-low continue to have significantly lower QOL scores than white women for functional well-being, emotional well-being, and breast concerns (all p values < 0.05), with physical well-being becoming marginally significant (p=0.053). African American women still have significantly better emotional well-being than white women. Although our primary comparison for racial/ethnic differences uses white women as the reference, in additional analyses we found Latinas-low also were more likely to report lower levels of functional and emotional well-being and more breast concerns as compared to Latinas-high and African American women, adjusting for all factors in Model 4 (all p values < 0.05). Table 3 presents our final model showing all associations between sociodemographic, clinical, and treatment factors in relation to QOL. We found consistent patterns between QOL and age, number of comorbidities, cancer stage at diagnosis, and receipt of chemotherapy. Generally, younger women (compared to those 50-70 and those >70 years) reported significantly worse QOL. Women with earlier cancer stage at diagnosis reported higher physical and functional well-being and less breast concerns than those women with later stage cancer. The presence of other comorbidities (≥1) resulted in lower levels of QOL across all domains except emotional well-being. The receipt of chemotherapy remained significantly associated with lower scores on physical, functional, emotional, and on the breast concerns subscale. Factors that did not significantly impact QOL scores in multivariable models included education, employment, marital status, and family history.
Results
Finally, we examined all interactions with race/ethnicity and each of the sociodemographic, clinical and treatment factors. There was a significant interaction between race/ ethnicity and age for physical well-being (p=0.041) and emotional well-being (p=0.042; Fig. 2 ). Specifically, there was no statistically significant racial/ethnic variation in physical and emotional well-being for younger women (<50 years of age) indicating that younger women with breast cancer, irrespective of race/ethnicity, had lower levels of physical and emotional well-being than older women.
However, there was significant racial/ethnic variation for older women. In the older age groups (50-70, >70) Latinaslow had worse physical well-being and emotional wellbeing as compared to white women (p values <0.001), and worse emotional well-being compared to African American women (p values <0.01). Latinas-low also had worse physical well-being compared to Latinas high among women 50-70 years of age (p=0.01). A similar interaction was found between race/ethnicity and the number of comorbidities for the breast concerns subscale (p=0.030). Among women with zero or one comorbidity, Latinas-low had more breast concerns as compared to white women; however, there was no significant racial/ethnic variation among women with multiple comorbidities. There was a significant interaction between race/ethnicity and family history for the breast concerns subscale (p=0.037). For this interaction, there were significant racial/ethnic differences with Latinas-low experiencing the worst QOL across all levels of the interacting covariates and thus we did not focus on these results.
Discussion
In this diverse, population-based study, race, ethnicity, and extent of acculturation were associated with quality of life after controlling for other sociodemographic, clinical, and treatment factors. This is one of the first studies to evaluate these factors with a large sample including both low and more highly acculturated Latinas, allowing us to compare differences between these groups. Latinas with low acculturation reported significantly worse QOL compared to white women. In contrast, highly acculturated Latinas generally reported QOL scores similar to non-Latina white women. African American women reported higher emotional well-being compared with white women. While younger women reported worse QOL than older women, age played a moderating effect on racial/ethnic and acculturation differences in QOL. Latinas with low acculturation experienced worse physical and emotional well-being compared to white women only among the older age groups, and there were no racial/ethnic or acculturation differences in QOL among younger women. Similarly, racial/ethnic differences in the breast concerns subscale were modified by the number of comorbidities, and significant racial/ethnic differences were no longer present among women with two or more comorbid illnesses.
The relative importance of other sociodemographic factors must be considered when examining the influence of race/ethnicity in QOL in cancer survivors [5, 7, 8, 30] . The disproportionate negative impact of breast cancer and its treatment for younger women has been reported in many previous studies [4, 5, 7, 20, [26] [27] [28] [29] [30] . Possible explanations include that younger women may experience more discordance between their health expectations and a cancer diagnosis [4] , experience greater disruption in their daily lives, work schedules, and financial stability [5, 27] , or possess fewer coping strategies to manage life-threatening situations [28] . Our findings suggest that older, less acculturated Latinas may also be vulnerable to poor QOL in cancer survivorship. Thus interventions designed to address QOL disparities need to focus not just on race/ ethnicity but also on age-specific issues.
Some researchers have suggested that poorer QOL among minority women in the survivorship period may be the result of more advanced disease at diagnosis, requiring more extensive treatment and increasing the risk for side effects and lower physical and emotional functioning [40] [41] [42] . While we found that breast cancer stage was a significant factor in physical and functional well-being, there were no racial/ethnic differences in QOL by cancer stage. In a similar fashion, while we found that chemotherapy was associated with lower QOL, consistent with the findings of others [5, 8, 33] , racial, ethnic, and acculturation differences in QOL were not explained by receipt of chemotherapy. In fact, very little was gained in explaining observed racial/ethnic differences in QOL from clinical or treatment factors once sociodemographic factors were controlled for in our sequential modeling procedure. Our results suggest the need to consider mechanisms beyond demographics, clinical, and treatment factors to understand racial/ethnic differences in QOL. A number of previous studies have documented the relationship between exposure to cancer information and care support and better QOL outcomes [43, 44] . If minority women receive less information and/or support, such differences may contribute to differences in QOL outcomes during survivorship. In a previous study we reported that Latinas with low acculturation had the most unmet information needs [10] . We also found that this group had the lowest amount of satisfaction with the treatment decision making process [45] . Previous studies have suggested that Latinas (especially those with low acculturation) face special challenges understanding information provided in the medical care setting [10, 13, 34, 35] . These informational barriers highlight the need for professional translational services and culturally appropriate written information for less acculturated Latinas.
The presence of supportive relationships during the cancer experience also has been associated with better QOL [46] . Previous research indicates that African American breast cancer survivors report higher levels of social support from all sources than whites [29] and that Latinas report having the lowest level of social support [10, 20] . Older Latinas may be especially socially isolated with limited access to culturally appropriate cancer support groups, especially web-based support groups. Racial/ethnic minority cancer survivors in general have less access to, and are less likely to become members of, organized cancer support groups [10, 35] . Some evidence for the importance of social support was found in a recent study where more acculturated Korean immigrant cancer survi- vors reported stronger social networks that in turn contributed to better QOL [47] . Thus improving access to culturally appropriate social and peer support during the transition from patient to survivorship could have a positive impact on QOL.
Another mechanism that may contribute to racial/ethnic differences in QOL is the role of religion during stressful health events. While we did not measure the role of religion, others have shown African American survivors use religion/spirituality as a strategy for coping with breast cancer [18, 21, 48] . There may be more variation in the role of religion among Latina survivors. One study reported that higher levels of religiosity in Latinas was positively correlated with better QOL [49] while another reported that, when confronted with health concerns, some older Mexican Americans choose to "suffer in silence" and not to avail themselves of support from others [50] . Finally, a recent study found that low vs. high acculturated Latinas reported greater levels of spirituality, and perceived more social support, which enhanced their life satisfaction in cancer survivorship [51] . Further research on the intersection between religion, social support, and behavior in health crises may add to the understanding of the observed racial/ ethnic differences in cancer survivorship.
Limitations
Study findings are limited by the cross-sectional study design that did not allow us to examine QOL over time. The mean time from diagnosis to survey completion was 9.2 months, therefore, longer term consequences of the cancer experience on QOL were not assessed. There is a need to conduct multi-ethnic longitudinal evaluations of QOL in order to design effective interventions to reduce any observed disparities. In addition, the generalizability of our findings regarding racial/ethnic differences is limited to those groups included in the sample. A major strength of this study was the large population based sample with sufficient numbers of Latina women allowing us to examine the relevance of acculturation. However, the origin of the Latina population in Los Angeles County is predominantly from Mexico and Central America. The U.S. Hispanic population is a diverse population, and it may not be appropriate to generalize our findings to Latinas from other cultural backgrounds.
Implications
The findings from this population-based sample have implications for patients, providers, and policy-makers. We need to identify and target women disproportionately affected by breast cancer and its treatment such as younger women and less acculturated Latinas. Behavioral and counseling interventions must be targeted to their unique issues and concerns which may have a positive impact on their quality of life. High quality care is dependent on patients understanding information about their care at both the time of initial cancer treatment and in the long-term survivorship period. Possible interventions to improve QOL include access to: a) professional translational services, b) language and reading-level appropriate written information, c) support groups and peer counseling, and d) web-based social networks of cancer survivors. However, these interventions must be sensitive to factors influenced by culture and ethnicity. For example, a cognitive reframing intervention focused on helping women to reinterpret problems as manageable and see them as sources of opportunity was more effective with African Americans Note: p-value for interaction between race/ethnicity and age is 0.041 for Physical well-being and 0.042 for Emotional well-being FIGURE 2 Adjusted mean physical and emotional well-being scores by race/ethnicity and age.
than whites [52] . More attention must also be paid to the competing demands of managing comorbid conditions among cancer survivors, particularly for African American women [52] . Continuing research to untangle important factors contributing to racial/ethnic differences in QOL in cancer survivorship is warranted. The relative influence of racial/ ethnic variation, acculturation, information and care support, and treatment patterns resulting in differences in women's QOL deserves further research.
